In this study, the prevalence of leptospira-induced abortions/stillbirths for the past 3 foaling seasons (1991)(1992)(1993) was determined, and fetal tissues and/or the mare's urine from positive cases were cultured in an attempt to isolate and identify the leptospira serovars responsible for the abortions. The sensitivity and specificity of the primary diagnostic tests, the fluorescent antibody test (FAT) and the microscopic agglutination test (MAT), used for the diagnosis of leptospirosis were also determined. For the 3 years, 74 (3.3%) of 2,264 abortion/ stillborn submissions were diagnosed as leptospirosis. Twelve cases occurred in the 1991, 19 in the 1992, and 43 in the 1993 foaling seasons. Leptospires were isolated from 45 (60.8%) of the 74 cases, and they were identified as serovar kennewicki (43 cases), serovar grippotyphosa (1 case), and a serovar similar to pomona (1 case). Of the 29 culture-negative cases, serologic results indicated that leptospires in the Pomona serogroup (kennewicki is a member of this serogroup) were responsible for 25 abortions, leptospires in the Grippotyphosa serogroup for 1 abortion, and leptospires in the Sejroe serogroup for 1 abortion. The specificities of the FAT on fetal tissues and mare's placenta and of the MAT on fetal fluid were 100%. The sensitivity of the FAT was 98.7%, and that of the MAT was 81.3%.
Leptospirosis is an important cause of abortions and stillbirths in the equine population of central Kentucky. Previous studies in Kentucky determined that 15 abortions during the 1989 and 32 during the 1990 foaling years were due to leptospirosis. 2, 3 Leptospira interrogans serovar kennewicki was isolated from 2 cases during the 1989 foaling year, and serovars kennewicki and grippotyphosa were isolated from 11 and 2 cases, respectively, during the 1990 foaling year. In a survey of the causes of abortion, stillbirth, and perinatal death in horses in central Kentucky, leptospirosis was the leading cause of abortion in calendar year 1989 (36 cases) and the third most common bacterial cause of abortion diagnosed from February 1986 through December 1991. 8 These are the only extensive published studies concerning leptospirosis in equine populations.
Less extensive studies concerning the prevalence of leptospirosis and the serovars of leptospira involved in infections in equine populations have been done. A study in Northern Ireland demonstrated that 24 of 50 aborted or stillborn fetuses and 5 of 6 dead neonates were infected with leptospires. 6 Six serovars repre-senting 5 leptospira serogroups were isolated and identified, and 3 isolates from serogroup Icterohaemorrhagiae were isolated but not typed to serovar level. Thirteen strains of leptospira were isolated from the kidneys of 12 of 91 horses submitted to an abattoir in Northern Ireland. 7 Seven strains belonged to the Australis serogroup; and 3, 2, and 1 belonged to the Icterohaemorrhagiae, Sejroe, and Autumnalis serogroups, respectively. In Ontario, Canada, leptospires were identified in 1 of 52 aborted fetuses, and the isolate was identified as serovar kennewicki! Eleven cases of leptospirosis in horses of various ages were diagnosed by a laboratory in New York, but the serovars responsible were not reported (McDonough PL: March 1992, Veterinary Update, Cornell University Extension).
The purposes of this study were to determine the prevalence of leptospira-induced abortions/stillbirths in the equine population of central Kentucky during the past 3 foaling seasons (1991) (1992) (1993) and to determine the serovars of leptospira involved. To assist other laboratories in diagnosing leptospirosis in aborted/stillborn horses, data and recommendations concerning the usefulness of various specimens and diagnostic tests are presented.
Materials and methods
Materials. Specimens from all equine abortion, stillborn, and neonatal cases (up to 7 days old) submitted to the Livestock Disease Diagnostic Center from July 1, 1990, through June 30, 1993, were used. Tissues used and tests completed were as listed previously* with the following changes. If available, the placenta, kidney, liver, and lung from all positive cases were examined for leptospires by the fluorescent antibody test (FAT), and the lung was also cultured for leptospires. Also, if agreeable with the farm manager and practicing veterinarian, laboratory personnel collected a urine and a serum sample from the mare in all positive cases within 10 days of the abortion. The urine sample was a mid-stream, second-voided sample collected in a sterile 50-ml tube after the mare was intravenously injected with the diuretic furosemide a (0.5 mg/0.25 kg body weight). Immediately, 1 ml of urine was transferred to a tube containing 10 ml of 1% bovine serum albumin b containing 200 µg/ml 5-fluorouracil c and transported to the laboratory within 2 hours of collection at ambient temperature.
Procedures. The procedures used for the FAT for leptospira, the microscopic agglutination test (MAT) for antibodies against leptospira, leptospira culture, histopathologic examination, and other microbiology have been previously described. 2, 12, 13 All leptospira isolates were submitted to reference laboratories d,e for identification by the restriction endonuclease analysis technique.
Statistics. The sensitivity and specificity values of the FAT on tissues and MAT on fetal fluids were calculated by standard formulas. 9 For these calculations, a positive case was defined as one that was culture positive for leptospires or that fulfilled 2 or more of the following criteria: 1) fetal tissue and/or placenta were FAT positive; 2) fetal fluid had a positive MAT reaction; 3) serum from the mare had a titer ≥6,400 against 1 or more leptospira serovars; and 4) spirochetes were observed in the fetal tissues and/or placenta using the Warthin-Starry stain. A chi-square analysis for the comparison of several proportions was used to compare the yearly and monthly distribution of leptospira abortions/stillbirths to total abortions/stillbirths.
Results
Seventy-four (3.3%) of the 2,264 submissions tested during the 1991-1993 foaling seasons were diagnosed as leptospirosis by FAT and/or MAT (Table 1) . and Table 2 . Equine leptospira cases and chi-square contributions by month for the 1991-1993 foaling seasons. spirochetes were demonstrated in the tissues of 20 (90.9%) of the 22 cases examined with the Warthin-Starry stain. Twelve (1.5%) of 776, 19 (2.5%) of 756, and 43 (5.9%) of 732 submissions were positive for the 1991, 1992, and 1993 foaling seasons, respectively. There was a difference statistically (x 2 = 24.43, df = 2, P < 0.001) in the yearly distribution of leptospira cases due to the 43 cases (x 2 contribution equaled 15.87) diagnosed in the 1993 foaling year.
For the 3 foaling seasons, 57 (77.0%) of the abortions occurred in November (19 cases), December (25 cases), or January (13 cases). Six occurred in February, 5 in October, 3 in March, and 1 each in September, April, and May. There was a statistically significant difference (X 2 = 126.53, df = 11, P < 0.001) in the monthly distribution of leptospira cases (Table 2) because of the disproportionately large number of cases diagnosed in November and December. The gestation age was known for 70 of the 74 cases. Three submissions were 6-7 months of age, 19 were 7-8 months, 16 were 8-9 months, 17 were 9-10 months, and 15 were >10 months. Two of the mares gave birth to live foals. One foal was 2 weeks early and lived 2 days, and the other foal was 2 weeks early and lived for 1 hour. Breeds affected were Thoroughbred (59 cases), Standardbred (13 cases), and Quarterhorse (2 cases). For the 3 years, mares from 60 different farms had leptospira-induced abortions. One farm had 6 mares, 2 farms had 3 mares, 5 farms had 2 mares, and 52 farms each had 1 mare that aborted.
The FAT was positive for 1 or more tissues in 73 of the 74 cases (Table 1) , and no suspicious or positive results were obtained from the 2,190 cases not diagnosed as leptospirosis. Of the 4 tissues examined, the highest percentage of positive results (97.4%) was obtained from fetal kidney (Table 3) . Fetal fluid was obtained from all 74 positive cases, and 57 (77.0%) had MAT titers ( Table 1 ). All 57 MATpositive fluids had titers (ranging from 1:100 to 1:409,600) against pomona, and 6 (10.5%) of the 57 also had titers against 1 (5 cases) or 2 (1 case) additional serovars (Table 4 ). Fetal fluids from none of the approximately 2,000 negative leptospira cases reacted against any of the 6 leptospira antigens.
Sera were obtained from 71 of the 74 mares involved in the abortions, and 66 (93.0%) of the 71 had high (from 1:6,400 to 1:819,200) titers against pomona, copenhageni, and/or bratislava ( Table 5 ). The sera from 2 mares had titers against grippotyphosa of 1:51,200 and 1:204,800. The sera from the remaining 3 mares were less reactive. Serum from 1 mare reacted against only bratislava (1:200), from another was most reactive against hardjo (1:3,200) , and from the third reacted at low dilutions against pomona (1:1,600), copenhageni (1:400), and bratislava (1:3,200). Leptospires were isolated from the fetal tissues (Table 3) and/or the dam's urine of 45 (60.8%) of the 74 cases. Fetal tissues from 73 of the 74 cases and urine from 67 of the 74 mares that aborted were cultured for leptospires. Leptospires were isolated from 44 (60.3%) of the 73 fetuses and from the urine of 20 (29.9%) of the 67 mares. Of the 44 culture-positive fetuses, 15 were kidney, lung, and liver positive, 10 were kidney and lung positive, 5 were kidney and liver positive, 9 were kidney positive, 3 were lung positive, and 2 were liver positive. Spirochetes with typical leptospira motility were seen in darkfield examinations of 4 (5.7%) of the 70 stomach contents from positive cases and in the urine of 14 (20.9%) of the 67 mares. The stomach contents of 2 of 4 fetuses and the urine of all 14 darkfield-positive mares were culture positive.
Leptospires isolated from the 45 culture-positive cases were submitted to reference laboratories for identification. Forty-three (95.6%) were Leptospira interrogans serogroup Pomona serovar kennewicki, 1 (2.2%) was L. interrogans serogroup Pomona serovar similar to pomona, and 1 (2.2%) was L. interrogans serogroup Grippotyphosa serovar grippotyphosa. Leptospires were recovered from both the fetal tissue and the dam's urine in 19 cases. Representative cultures from each were submitted for identification, and the paired cultures were always the same serovar.
Equine herpesvirus 1 was detected by FAT and isolated in cell culture from 1 leptospira case. No viruses were detected or isolated from the other 73 positive cases. Bacteria of possible significance were isolated from the fetal tissue and, if received, placenta of 10 cases. Streptococcus zooepidemicus was isolated from 4 cases, Escherichia coli from 3 cases, S. equisimilis from 1 case, S. zooepidemicus and E. coli from 1 case, and S. zooepidemicus, S. equisimilis, and E. coli from 1 case.
Discussion
The prevalence of leptospirosis for the 3 years was 3.3% (74 of 2,264 submissions). The prevalence increased from 1.5% (12 cases) in the 1991 to 2.5% (19 cases) in the 1992 to 5.9% (43 cases) in the 1993 foaling seasons. The prevalence of leptospira cases was statistically different for the 3 years, and the totals seem to indicate that the prevalence of leptospira-induced abortions in horses in central Kentucky is increasing. However, in the 1990 foaling season the prevalence was 4.4% (32 cases), 2 which was greater than that of the 1991 and 1992 foaling seasons. During these 3 years, veterinarians in central Kentucky became more aware of leptospirosis as a cause of equine abortions. However, because they have always submit ted all aborted fetuses to this laboratory for analysis, the increase in prevalence was not due to their increased awareness. Unfortunately, very little is known about the prevalence of leptospirosis in other geographical areas with large numbers of horse farms. One mare that aborted on November 16, 1992, was born and raised in California and departed California 3 days prior to the abortion. Serovar kennewicki was isolated from her fetus, and the fetal serology was 1:1,600 against pomona, indicating that she was infected in California.
Of the 60 farms with mares that aborted, 52 (86.7%) had only 1 mare that aborted as the result of leptospirosis, indicating that the disease was usually sporadic. Eight farms did have 2 or more mares that aborted, but only 2 had mares that aborted in consecutive years. On 1 of these farms, 6 mares (all infected with serovar kennewicki) aborted. One abortion occurred on May 15, 1991, and the other 5 during the 1992 foaling season (November or December 1991). The horses on this farm were fed by spreading the feed on the ground. Numerous wildlife of various species also appeared during feeding, and it was speculated that wildlife and/or horses were exposed to the leptospires and maintained the organism from May to November because of this method of feeding. When this feeding practice, which is rare on horse farms in Kentucky, was changed the abortions on this farm stopped. No leptospira-induced abortion was diagnosed on this farm during the 1993 foaling season.
Most, 44 (59.5%) of 74, of the abortions occurred in November or December, which is similar to the results (28 of 32 in November or December) obtained in a previous study. 2 Climatic conditions and/or the behavior of feral animals might have a role in this monthly distribution. The gestation age of the infected fetuses ranged from 6 months to term, which is similar to that in previous reports. 2, 3, 6, 14 Almost equal numbers of fetuses were 7-8 months of age (19), 8-9 months (16), 9-10 months (17), and > 10 months (15). Because the peak of the equine breeding season in Kentucky is around the first week of April, fetal age was not responsible for the high number of leptospira cases diagnosed in November and December.
The prevention of leptospirosis is usually accomplished by vaccination or by eliminating the contact with maintenance hosts. To develop a successful vaccine or to determine the maintenance host, the serovars of leptospira involved must be determined. In this study, serovar kennewicki was determined by culture to be responsible for 43 (58.1%) of the 74 abortions. Serologic results on the fetal fluid and the dam's serum for 25 of the 29 culture-negative cases were very similar to the results of the 43 cases yielding kennewicki (Table  5 ), which suggests that 68 (91.9%) of the 74 cases, including all the cases in the 1992 and 1993 foaling seasons, were a result of infection by serovar kennewicki. Also, based on culture results a serovar similar to pomona was determined to be responsible for 1 case. The maintenance host for kennewicki is not known; however, the hosts for pomona, which is a closely related serovar, are cattle, swine, skunk, raccoon, deer, opossum, and horse. 1 Two (2.8%) of the abortions were caused by leptospires of the Grippotyphosa serogroup. One case was culture positive for serovar grippotyphosa, and serum from the dam of the second had a high titer (1:51,200) against only serovar grippotyphosa. Raccoons are very common on most of the horse farms in central Kentucky and are known to be a host for grippotyphosa?
One case was believed to have been a result of infection by leptospires in serogroup Sejroe because of the titer against serovar hardjo, a member of the Sejroe serogroup, detected in the dam's serum. One cow was kept on this farm, and cattle are the host for hardjo. 1 For 2 cases, no speculation could be made concerning the serovar involved. Culture attempts were negative, fetal serology was negative, and the serologic results on the mares' sera were inconclusive.
One fetus was also infected with equine herpesvirus 1. Other investigators have reported dual infection with equine herpesvirus 1 and leptospira. 4, 10 The significance of the bacteria isolated from the 10 cases with S. zooepidemicus, E. coli, and/or S. equisimilis was not known. Fetoplacental infections with these bacteria were often detected in a 6-year study of the causes of abortion, stillbirth, and perinatal death in horses. 8 In this study, the diagnosis of leptospirosis was most successful (73 of 74) with the FAT, and the fetal kidney was the best specimen; 72 of 74 were positive. Serologic results on the fetal fluid were positive for 57 (77.0%) of the 74 positive cases, and no false-positive MAT titers were detected. These results are in contrast with those of studies in Northern Ireland 5, 6 where leptospira antibodies were not detected in any of the fetal sera. High (≥ 1:6,400) MAT titers against 1 or more leptospira serovars were detected in the dam's serum in 67 (94.4%) of the 71 positive cases, and these results aided in the diagnosis of leptospirosis. However, MAT results for the dam's serum were often as high or higher against copenhageni and/or bratislava than against pomona when serovar kennewicki, a member of the Pomona serogroup, was demonstrated by culture to be responsible for the abortion ( Table 5 ).
Most diagnostic laboratories have FAT, MAT, and leptospira culture capabilities. We recommend that these tests be performed routinely on specimens from equine abortion cases. False positives have not been a problem with the FAT or MAT (specificities were 100% in this and 2 previous studies 2,3 ), and the sensitivities were high for each test (FAT = 98.7%, MAT = 81.3%). Culture, although time consuming, will be necessary to determine which serovars are involved in infections in horses from other geographic areas. Culturing tissues, especially the kidney (53% positive in this study), from only FAT and/or MAT positive fetuses should not greatly increase the work load and would yield valuable information. The urine, especially if darkfield positive, from a mare recently experiencing a leptospira-induced abortion would also be a good specimen to culture.
